Mycobacterium tuberculosis isolates from different regions of
Tuberculosis (TB) remains an important public health issue for Bulgaria, although genotypic data on the circulating Mycobacterium tuberculosis strains have not yet been published from this Balkan country. Although the number of new cases is showing a steady decline since 2001 (48.6/100,000), the TB incidence rate in Bulgaria is still sufficiently high (42.7/100,000 in 2005) (5) . Geographically, Bulgaria is located in the region with contrasting epidemiological situation for TB. The southern neighbor, Greece, reported TB rates to have been gradually decreased, while the incidence was only 6.9/100,000 in 2005 (5) . The reported TB rates for Romania and Turkey are significantly higher and have been increasing and reached 135.2/100,000 in Romania and 28.1/100,000 in Turkey in 2005 (5) .
Recent advances in molecular techniques have enabled development of a variety of genotyping methods for the differentiation of clinical isolates of M. tuberculosis (15, 21) . In particular, repetitive and insertion sequences have proven useful for studying both the epidemiology and the phylogeography of M. tuberculosis (1, 2, 4, (11) (12) (13) (14) (15) (16) (17) (18) (19) 24) , and regularly updated genetic diversity databases are available for this pathogen (3, 4, 7, (11) (12) (13) 23) .
The chromosomal locus, containing a large number of direct repeats (DRs) interspersed with unique spacer sequences, is the target of spoligotyping (i.e., spacer oligonucleotide typing) technique (10) . This method has been widely applied to study the molecular epidemiology and evolutionary genetics of TB. Since the technique is PCR-based, it requires less DNA than conventional molecular typing, e.g., IS6110 restriction fragment length polymorphism (RFLP) analysis, which is the most widely applied and standardized molecular typing method (20, 21) . The more recently introduced mycobacterial interspersed repetitive units (MIRU) typing (18) is based on variation in copy number in the variable number of tandem repeat (VNTR) loci, and, in its simplest version, it requires only basic PCR and agarose electrophoresis equipment. This relatively new method was shown with different strain samples to possess a higher discriminatory power than that of spoligotyping and only slightly below that of IS6110-RFLP typing (19) , although this may vary depending on the local population structure (14, 24) . The apparent advantage of the MIRU approach (compared to IS6110 typing) is its portability due to easy digitalization of the generated profiles.
This study presents the first insight into the population structure of M. tuberculosis in Bulgaria, as a necessary step toward an implementation and better understanding of molecular epidemiology of TB here. We further looked at our data on a global scale through comparison with the international SITVIT2 database.
MATERIALS AND METHODS

Bacterial isolates.
A total of 113 M. tuberculosis strains were recovered from 113 TB patients for whom no epidemiological links were detected by standard investigation. These patients were admitted to the TB hospitals in different regions of Bulgaria from 2004 to 2006 (Fig. 1 ). All patients were human immunodeficiency virus negative.
DNA fingerprinting. The DNA of the studied strains was extracted from 4-to 6-week-old Löwenstein-Jensen medium cultures according to the recommended method (20) .
Spoligotyping was used to analyze a variation in the DR locus (i.e., the absence or presence of 43 different spacers) as described previously (10) . The individual spoligotyping patterns were entered in an Excel spreadsheet and compared to those of the international database SITVIT2 (Institut Pasteur de Guadeloupe), which is an updated version of the published SpolDB 4.0 database (3) . At the time of this comparison (4 September 2007), SITVIT2 contained a total of 2,880 shared types corresponding to 66,846 clinical isolates from 122 isolation countries and 166 countries of origin. Major phylogenetic clades were assigned according to signatures provided in SpolDB4 (3), which defines 62 genetic lineages and sublineages. These included specific signatures for various M. tuberculosis subspecies such as M. bovis, M. microti, M. caprae, M. pinipedii, and M. africanum, as well as rules for defining major lineages and sublineages for M. tuberculosis sensu stricto. The latter included the Central Asian (CAS) clade (2 sublineages), the East African Indian (EAI) clade (9 sublineages), the Haarlem (H) clade (34 sublineages), the Latin-American-Mediterranean (LAM) clade (12 sublineages), the "Manu" family (3 sublineages), the Beijing family, the S clade, the IS6110-low banding X clade (3 sublineages), and an ill-defined T clade (5 sublineages).
Diversity indices of the global distribution of spoligotypes were estimated by the formulas proposed by Filliol et al. (7) . The two calculated qualifiers were spreading index (indicating type description as epidemic, common, recurrent, or rare) and matching code (indicating type description as endemic, localized, or ubiquitous).
IS6110-RFLP typing was performed mainly as previously described (20) . Briefly, M. tuberculosis DNA was digested with PvuII, electrophoresed, Southern blotted, and hybridized with a digoxigenin-labeled 245-bp PCR-generated IS6110 probe. Each Southern blot included DNA of M. tuberculosis strain 14323 as an external molecular weight marker. The hybridization profiles were visualized as banding patterns on membrane by using an alkaline phosphatase (Roche Applied Science)-catalyzed colorimetric reaction.
MIRU-VNTR analysis was performed mainly as described by Supply et al. (19) , using the Tth polymerase (Eurobio, France) for PCR. The amplicons were evaluated in the 1.5% standard (Quantum) agarose gels by using a 100-bp DNA ladder (Amersham Bioscience). The results from each of the 12 loci were combined into 12-digit allelic profiles. The H37Rv strain was run as an additional control for the performance of the method in our laboratory.
Statistical analysis. The Hunter-Gaston index (HGI) was used to evaluate the discriminatory power of the typing method (9) . The HGI is the probability that two strains consecutively taken from a given population will be placed into different types by a typing method; the lower the index value, the less discriminative the typing method. The HGI was calculated as described previously (9) .
The most parsimonious network of the MIRU profiles was built by using the PARS routine of the PHYLIP 3.6 package (6). PARS is a general parsimony program that carries out the Wagner parsimony method with multiple states. It assumes that different characters and different lineages evolve independently, and changes to all other states are equally probable. This is applicable for describing the evolution of MIRU-VNTR loci treated as categorical variables.
RESULTS
A total of 113 M. tuberculosis clinical isolates originating from different regions of Bulgaria (Fig. 1) were analyzed by spoligotyping. These isolates were subdivided into 35 spoligotypes: 5 unique profiles and 15 profiles shared by 2 to 29 strains (Table 1 ). The HGI was sufficiently high (0.90), although the fact that the largest cluster comprised 25.7% of the studied strains indicates a somewhat limited utility of spoligotyping, at least, as a primary typing tool, in the Bulgarian setting.
The spoligotype designation was attributed by online comparison of the obtained profiles presented in binary code to those included in the international SITVIT2 database (Institut Pasteur de Guadeloupe) ( Table 1 ). This comparison showed a noticeable presence of two globally distributed ubiquitous/ common shared types: ST53 (25.7%) and ST47 (6.2%). Nineteen (16.8%) and six (5.4%) strains belonged to ST125 (LAM/S subfamily) and ST41 (LAM7_TUR subfamily) that can be defined as ubiquitous/rare and ubiquitous/common types, respectively. Seven spoligoprofiles (12 strains) were not found in the SITVIT2 database and were designated as "new"; two of them constituted the new shared types ST2905 and ST2906, while the other five remained orphans (Table 1) .
Additional secondary subtyping by IS6110-RFLP and MIRU-VNTR methods was done for two types: ST125, which was found in a high proportion in Bulgaria but is rare worldwide, and ST41, which is phylogeographically specific to and prevalent in neighboring Turkey (24) .
Most of the isolates of ST125 showed a similar 12-band IS6110 pattern, whereas three variants representing one or two strains differed mainly in one or two bands (Fig. 2) . MIRU typing discriminated the same strains of spoligotype ST125 into nine profiles (Fig. 2) . Two strains with unique IS6110 profiles D and B also had the unique MIRU profiles M4 and M8 (Fig.  2) . The other 10 strains with identical IS6110-RFLP profile A were differentiated by MIRU typing into six types (a cluster of the five identical strains and five singletons [ Fig. 2] ). The MIRU40 locus was most polymorphic in these strains, showing five allelic variants. Thus, the HGI MIRU (0.83) was much higher than the HGI IS6110 (0.39) for the ST125 strains, demonstrating the utility of the MIRU typing even in its classical, 12-locus version.
Five strains of ST41 available for secondary typing fall into two IS6110-RFLP groups, one having a two-band profile and the other with an additional five bands (Fig. 3) . For these five strains, the classical 12-locus MIRU typing also provided greater discrimination by subdividing them into five variants (Fig. 3) .
DISCUSSION
This study has been undertaken in order to gain a first insight into the population structure of M. tuberculosis in Bulgaria. Spoligotyping was used as a primary typing tool because of its easy use and straightforward coding and interpretation of results; furthermore, the availability of the international data- base permitted us to view our results in the context of the globally and locally circulating M. tuberculosis clones. We further attempted to differentiate within particular spoligotypes by the secondary subtyping methods IS6110-RFLP and MIRU-VNTR typing. A large proportion of the studied strains belonged to spoligotype ST53 (Fig. 1 and Table 1 ). This worldwide-distributed spoligotype represents 6.0% of strains in SITVIT2. In our sample it constituted a much higher proportion (25.7%). Comparison to geographical and historical neighboring countries revealed that this spoligotype is present in almost as high a proportion in Turkey (18.6%) and Greece (23.8%) but not in Russia (5.4%) ( Table 1) . Consequently, Bulgarian ST53 strains were likely brought to Bulgaria as a result of the Balkan intraregional human movement. For example, a significant increase in human exchange between Bulgaria and Turkey has been noted since the latter 1980s (22) . However, a similar and high proportion of these strains not only in Bulgaria and Turkey but also in Greece leads us to hypothesize a historically relatively more distant time for their importation here driven by the medieval expansion of the Ottoman Empire (8; history map of Europe, year 1600 [http://www.euratlas.com/big /big1600.htm]).
The other three frequently found spoligotypes in our collection were ST47, ST41, and ST125 (Table 1 ). In particular, ST41 belongs to the LAM7_TUR subfamily; it is phylogeographically specific to Turkey (24), and only rare ST41 isolates have been described in Greece and Romania. It may be possible that ST41 has reached its high rate in Turkey during the course of the 20th century and has not yet penetrated to the neighboring countries in significant proportions.
A comparison of the 12-locus MIRU and IS6110-RFLP profiles of the strains of spoligotype ST125 revealed a higher discriminatory power for the MIRU method (Fig. 2) . The MIRU-based phylogenetic network suggested M1 type as a core type to which most other types could be directly linked. This analysis is limited by a small sample size; however, the fact that most of ST125 strains were found in the core type leads us to suggest the ancestral position of this MIRU profile. A starlike MIRU network of ST125, together with a predominating core type, suggest (i) a relatively distant presence of ST125 in Bulgaria (in particular, southern Bulgaria) and (ii) its recent dissemination. On the other hand, a comparison with the global database SITVIT2 revealed a high gradient for ST125 in Bulgaria and its negligible presence elsewhere (Table 1) . A similarity of the IS6110-RFLP profiles confirmed a true relatedness of these strains, whereas the great diversity of the 12-MIRU loci suggested a long-term evolution of this spoligotype in Bulgaria. These findings lead us to suggest a Bulgarian phylogeographic specificity of the spoligotype ST125.
Although a detailed comparison with drug susceptibility data was beyond the scope of the present study, we noted a high rate of multidrug-resistant (MDR) strains in the studied Bulgarian sample (21.6%). For example, it has been suggested that current transmission of MDR-TB in Russia is greatly influenced by the ongoing dissemination of the Beijing family strains (16) . In our study, several spoligotypes were shared by Bulgarian and Russian strains (Table 1) , a finding that is readily explained by close links and extensive human movement between the two countries until the end of the 20th century. Nevertheless, the Beijing genotype was not identified in the studied strains from Bulgaria. Consequently, the current situation with MDR-TB in Bulgaria cannot be explained by global dissemination of the Beijing genotype, which apparently has not yet reached this country.
In conclusion, we present here the first molecular snapshot of the M. tuberculosis strains circulating in Bulgaria. We have demonstrated a heterogeneity of the Bulgarian M. tuberculosis population that appears to be dominated by several worldwidedistributed and Balkan-specific spoligotypes. 
